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BACKGROUND OF THE INVENTION 



1. FIELD OF THE INVENTION! 

The present invention relates to an active matrix 
device , for example for use as a display. The device may 
comprise a liquid crystal active matrix display im- 
plemented using thin film transistor (TFT) techniques, 
for example based on amorphous silicon or high or low 
temperature poly-silicon. Such displays may be used in 
portable battery-powered equipment. 

2. DESCRIPTION OF THE RELATED ART: 

Figure 1 of the accompanying drawings illustrates 
a conventional type of active matrix device comprising 
an active matrix 1 of N rows and M columns of picture elements 
( pixels ) such as 2 . The pixels of each column are connected 
to a data line driver 3 by a respective data line such 
as 4. The data line driver 3 has an input 5 for receiving 
timing, control and data signals. 

The pixels of each row are connected by a respective 
scan line such as 6 to a saan line driver 7. The scan 
line driver 7 is synchronised by the timing signals from 
the input 5 and activates one scan line 6 at a time in 
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a repeating sequence. 

Figure 2 of the accompanying drawings illustrates 
four active matrix pixels of known type. Each pixel 
comprises a TFT 10 whose gate is oonneoted to the scan 
line 6 and whose source is connected to the data line 4. 
The drain of the TFT 10 is connected to a pixel electrode 
11 and to a first terminal of a storage capacitor 12, whose 
second terminal Is connected to a common electrode line 
13 which is shared by all of the storage capacitors 12 
of the same row of pixels. The common electrode lines 13 
of all of the rows are connected to a common DC supply 
voltage . 

In use, the TFTs 10 of the pixels act as switches 
with the switching being controlled by the signals on the 
scan lines 6. Each pixel 2 of the active matrix is then 
updated at a frequency known as the frame rate. Updating 
of a single frame of image data is generally performed 
on a row-by-row basis. For each row of pixels, the data 
line driver 3 receives a row of image data to be displayed 
and charges the M data lines 4 to the corresponding analogue 
voltages. The scan line driver 7 activates one of the 
scan lines 6 so that all of the TFTs 10 connected to the 
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activated soan line are switched on. The TFTs 10 transfer 
charge from the data lines 4 to the storage capacitors 
12 until the voltage across each capacitor is equal to 
the voltage on the data line. The scan line driver 7 then 
deactivates the row of TFTs 10 , whose source-drain paths 
return to a high impedance state. 

Active matrix addressing may be further 
sub-divided into two categories , namely 

panel-sample-and-hold addressing (also referred to as 
point-at-a-tlme addressing) and line-at-a-time ad- 
dressing. In the former scheme, the data lines are usually 
Isolated from the data line charging circuits of the data 
line driver 3 when each scanned line is activated. In 
the latter scheme , the data lines are normally continuously 
driven during the scan line activation time. 

The non- infinite impedance of each TFT 10 when 
switched off results in charge flow or leakage between 
each storage capacitor 12 and the data line 4 for that 
column. This results in an undesirable change in the 
voltage at the pixel electrode 11 with consequent im- 
pairment of image quality. The magnitude of the voltage 
change depends on the size of the leakage current, the 



-4- 



00R00681 



size of the storage capacitor 12 and the duration between 
pixel updates i.e. the frame rate. 

The leakage current of a TFT can be reduced by device 
design modifications which require changes to the 
fabrication process. For example , it is possible to 
introduce a lightly doped drain (LDD ) which, in addition 
to reducing high drain fields, also increases the channel 
resistance. Bach TFT switch may also be Implemented as 
a dual or triple gate device, effectively putting two or 
three switches in series between the data line and the 
pixel electrode. This results in an Increase In the 
channel resistance and a reduction in the "on" performance 
of the TFTs. 

US5517150 discloses an arrangement of the type 
shown in Figure 3 of the accompanying drawings . The pixel 
arrangement differs from that shown in Figure 2 of the 
accompanying drawings by the provision of a further TFT 
15 whose source -drain path is connected between the drain 
of the TFT 10 and the pixel electrode 11. Also, a further 
capacitor 16 is connected between the common line 13 and 
the connection between the TFTs 10 and 15, 
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When the scan line 6 for a particular pixel is 
activated, both of the transistors 10 and 15 are turned 
on so that both of the capacitors 12 and 16 are charged 
from the data line 4, When the scan line is deactivated, 
both transistors are switched off. As described above, 
the charge leakage through the transistor 10 results in 
a variation of the voltage across the capacitor 16, 
However, there is only a very small drop in voltage across 
the transistor 15 and hence a much smaller leakage current 
so that there Is a much smaller change in voltage across 
the capacitor 12 and hence at the pixel electrode 11, 

Pixel voltage changes caused by charge leakage may 
be made smaller by increasing the value of the storage 
capacitor 12. However, the storage capacitor cannot be 
made arbitrarily large. For example, if the display Is 
of the transmissive type, a large storage capacitor may 
reduce the pixel aperture ratio and therefore the display 
brightness. Also, it may not be possible to charge fully 
a relatively large storage capacitor with a relatively 
small TFT during the available scan line activation time. 
For panel- sample-and-hold displays the charge on the data 
line, which has capacitance CI, is shared with the storage 
capacitor, which is of capacitance Cs. As a result, the 
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voltage written to the pixel Is not the same as that (VI) 
sampled onto the data line 4. This voltage disparity AV 
inoreases with the capacitance of the storage capacitor 
and, if it is assumed that the storage capacitor is initially 
uncharged, is given by the expression: 

Cs 

AV - Cs + Cl VI 

Although it is possible to increase the frame rate in order 
to minimise the duration for which the pixel voltage has 
to be held constant, this may not be a practical option. 
For example, it may not be possible to charge the data 
lines or storage capacitors during the reduced addressing 
periods or the power consumption may be increased beyond 
what is acceptable. For low power applications, it may 
be desirable to update the active matrix at a relatively 
low frame rate in order to reduce power consumption. 

US6023074 discloses a pixel TFT arrangement 
similar to that disclosed in US5517150. However, the 
storage capacitors are implemented as 

metal-oxide-semiconductor (MOS) capacitors. As shown in 
Figure 4 of the accompanying drawings, a MOS capacitor 
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is formed by a transistor 18 whose gate g forms one terminal 
of the oapaoitor and whose sources and drain d are connected 
together to form the other terminal. The connection 
between the sourae and drain may be achieved by heavily 
doped semiconductor rather than by "ohmic* contact 
connections to a separate interconnect layer. The 
effective capacitance of the device is voltage dependent 
as Illustrated by the graph in Figure 4. Below the 
threshold voltage Vt of the MOS device , the capacitance 
is equal to the sum of the gat e- source and gate - drain overlap 
capacitances. Above the threshold voltage Vt , the 
capacitance changes to include the MOS oxide capacitance 

In addition to the overlap capacitances. 

» 

US5835170 discloses an arrangement of the type 
shown in Figure 5 of the accompanying drawings, in which 
the common electrode lines 13 are omitted and the second 
terminals of the capacitors 12 are connected to the scan 
line 6 of the adjacent row of pixels. An advantage of 
such a capacitor-on-gate arrangement is that the total 
number of horizontal signals traversing the active matrix 

1 is halved compared with the arrangement shown in Figure 

2 so that a higher pixel aperture ratio may be achieved. 
However, the scanning direction of the active matrix 1 
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is fixed * In particular, the rows of the active matrix 
must be scanned from the bottom row upwards in Figure 5. 

SUMMARY OF THE INVENTION 

According to the invention, there is provided an 
active matrix device comprising an array of picture 
elements, each of which comprises and image element, a 
first charge storage element connected to the image element , 
and a first semiconductor switch for connecting a data 
line to the first element charge storage and the image 
element, characterised in that each picture element 
comprises a second charge storage element and a second 
semiconductor switch s witchable independently of the first 
switch to connect the second charge storage element to 
the first charge storage element and the image element 
so as to increase the charge storage capacity • 

Each image element may be a light modulating 
element andmaybe transmlsslve or reflective • For example, 
each image element may be a liquid crystal element. 

Each image element maybe a light emitting element . 
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Each of the first and second switches may be a thin 
film transistor. 

The charge storage capacity of the second charge 
storage element maybe greater than that of the first charge 
storage element. 

For each picture element, the second charge 
storage element and the second switch may connected in 
series across the first charge storage element. 

The picture elements may be arranged as rows and 
columns with the picture elements of each column being 
connected to a respective data line and the picture elements 
of each row being connected to a respective scan line. 

The second switches of each row of picture elements 
may have control terminals connected to a respective 
control line - The control lines maybe connected together . 

For each picture element, the second switch may 
have a control terminal connected to first terminals of 
the first and second charge storage elements. 
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The first and second charge storage elements of 
each row of picture elements may have first terminals 
connected to a respective common line. 

The first and second charge storage elements of 
each adjacent pair of rows of picture elements may have 
first terminals connected to a respective common line. 

The first and second charge storage elements of 
each row of picture elements may have first terminals 
connected to the scan line of an adjacent row. 

The first and second charge storage elements of 
each picture element may comprise first and second 
capacitors, respectively. The first and second ca- 
pacitors of each picture element may have a common plate. 
The common plate may comprise a part of a gate metal 
interconnect layer. The first capacitor of each picture 
element may have a further plate comprising part of a source 
metal interconnect layer. The second capacitor of each 
picture element may have a further plate comprising part 
of a heavily doped silicon layer. 

The second capacitor of each picture element may 
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have a dielectric comprising gate oxide. The second 
capacitor of each picture element may comprise a metal 
oxide silicon capacitor. The metal oxide silicon ca- 
pacitor may form, the second switch and may have source 
and drain terminals connected to the first switch and the 
image element . The first capacitor of each picture element 
may comprise the gate/source overlap capacitance and the 
gate/drain overlap capacitance of the metal oxide silicon 
capacitor. The metal oxide silicon capacitor may have 
a lightly doped drain below the gate electrode. 

According to a further aspect of the invention, 
there is provided a display comprising a device according 
to the first aspect of the invention. 

It is thus possible to provide a device in which 
the storage capability at each plxei may be changed so 
as to permit operation of the active matrix in different 
modes, for example so as optimise image quality and power 
consumption performance. For example, such a device may 
be operated with the lower storage capacity which allows 
faster and more accurate updating to provide operation 
at a relatively high frame rate with a high quality image. 
For lower power consumption, a lower frame rate mode may 
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be chosen with the larger storage capacity at the pixels 
so as to reduce or prevent image corruption by charge leakage 
during Intervals between pixel updates . 

BRIEF DESCRIPTION OP THE DRAWINGS 

The invention will be further described, by way 
of example, with reference to the accompanying drawings, 
in which: 

Figure 1 illustrates schematically a know active 
matrix display; 

Figure 2 is a circuit diagram of active matrix 
pixels of a known type of display; 

Figure 3 is a circuit diagram of active matrix 
pixels of another known type of display; 

Figure 4 illustrates a MOS capacitor and the 
capacitance against gate/ source voltage of such a device; 

Figure 5 is a circuit diagram of pixels of a further 
known type of device; 
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Figure 6 is a circuit diagram of pixels of a device 
constituting a first embodiment of the invention; 

Figure 7 is a waveform diagram illustrating 
simulated operation of the pixels shown in Figure 6 in 
two modes of operation; 

Figure a is a waveform diagram illustrating the 
result of simulation of the operation of the pixels of 
Figure 6 in a panel-sample-and-hold device; 

Figure 9 is circuit diagram of four pixels of a 

« 

device constituting a second embodiment of the invention; 

Figure 10 is a circuit diagram of four pixels of 
a device constituting a third embodiment of the invention; 

Figure 11 is a circuit diagram of four pixels of 
a device constituting a fourth embodiment of the Invention ; 



Figure 12 is a circuit diagram of four pixels of 
a device constituting a fifth embodiment of the invention; 



-14- 



OOR00681 



Figure 13 is a circuit diagram of four pixels of 
a device constituting a sixth embodiment of the invention; 

Figure 14 illustrates an example of a mask layout 
of a pixel of the device shown in Figure 13; 

Figure 15 is a circuit diagram of four pixels of 
a device constituting a seventh embodiment of the in- 
vention; 

Figure 16 shows an example of a mask layout of a 
pixel of the type shown in Figure 15; 

Figure 17 illustrates schematically operation of 
an MOS capacitor; 

Figure 18 is a circuit diagram of four pixels of 
a device constituting an eighth embodiment of the in- 
vention; 

Figure 19 shows an example of a mask layout of a 
pixel as shown in Figure 18; and 

Figure 20 is a circuit diagram of four pixels of 
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a device constituting a ninth embodiment of the invention. 

Like reference numerals refer to like parts 
throughout the drawings . 

. DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 6 shows four pixels of an active matrix 
device, for example in the form of a liquid crystal display 
panel. Each of the pixels comprises a TFT 10 , a storage 
capacitor 12 , and a pixel electrode 11 as described 
hereinbefore with reference to, for example, Figure 2. 
In addition, each pixel comprises a further TFT 2 0 whose 
drain (or source) is connected to the pixel electrode 11 
and whose source (or drain) is connected to a first plate 
of another storage capacitor 21, whose other plate Is 
connected to the common electrode line 13. The gate of 
the TFT 20 is connected to a capacitor select line which 
is common to the row of pixels. The capacitance Cs2 of 
the capacitor 21 need not be the same as the capacitance 
Csl of the capacitor 12 and may, for example, be sub- 
stantially higher, for example of the order of five times 
the value. 
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Each pixel has associated with it one vertical 
signal wire and three horizontal signal wires. The 
vertical wire may be fabricated with the source metal 
interconnect layer and the horizontal wires may be 
fabricated with the gate metal interconnect layer. 

The active matrix device may operate in either of 
two modes . In the first mode, the capacitor select signal 
lines are connected to a relatively low voltage. In this 
mode, the TFTs 20 of all of the pixels are turned off so 
that the capacitor 21 is effectively disconnected from 
the pixel electrode 11, This is a relatively low ca- 
pacitance mode in which the storage capacitance at each 
of the pixels is substantially equal to the value Csl 
of the storage capacitors 12. In the other higher ca- 
pacitance mode, the lines 22 are connected to a relatively 
high voltage so that the transistors 20 at all of the pixels 
are turned on and the capacitor 21 is connected in parallel 
with the capacitor 12 at each pixel. In this mode, the 
storage capacitance is equal to the sum of the values Csl 
and Cs2 of the capacitors 12 and 21. 

Figure 7 is a waveform diagram showing voltage in 
volts against time in microseconds representing the result 
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of a simulation of the device of Figure 6 operating in 
both the low oapaoitanae and high capacitance modes • The 
simulation represents a liquid crystal pixel cell re- 
ceiving a voltage of -3 . 5 volts in one frame and +3 . 5 volts 
in the next frame. The pixel voltage is relative to a 
counter electrode potential of 6 volts so that the voltage 
supplied to the pixel electrode 11 is 2.5 volts in the 
first frame and 9.5 volts in the second frame. The scan 
line activation frequency and leakage have been adjusted 
so that the relative effects can be observed within a 
reasonable simulation time . The value Csl of the capacitor 
12 is 100 fP, which is typical for a small direct view 

active matrix liquid crystal display. The value Cs2 of 

« 

the capacitor 21 is 500 fF. 

In the low capacitance mode of operation, pixel 
charging occurs very quickly. However, when the scan line 
goes low, there is considerable charge injection from the 
overlap capacitance of the TFT 10. Also, leakage from 
the storage capacitor 12 is very significant , As the pixel 
electrode voltage moves towards the data line voltage in 
the high capacitance mode of operation, pixel charging 
takes longer, there is less charge infection when the 
transistor 10 turns off, and the leakage is substantially 
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lower* 

The simulation result does not illustrate the 
corruption caused to the data line voltage by virtue of 
charge sharing in apanel-sample-and-hold type of display. 
For a sm r all direct view active matrix liquid crystal display , 
the data line capacitance is typically 10 pF. For the 
same storage capacitances, in the low capacitance mode, 
the change in voltage occurring at the pixel is ap- 
proximately 1% of the desired data line voltage. In the 
high capacitance mode, the change in voltage is closer 
to 6%. The effect of this is Illustrated in Figure 8. 
Just prior to the second scan period, the data line is 
initially at 9 . 5 volts. When the scan line is activated, 
both the data line and the capacitors 1 2 and 2 1 share charge . 
The net effect is that the pixel electrode 11 ends up at 
9.1 volts instead of the desired 9.5 volts. 

Implementation of the additional storage ca- 
pacitor 21 of 500fF together with an extra TFT 20 at each 
pixel substantially reduces the pixel aperture ratio in 
small transmissive liquid crystal displays, particularly 
if the gate and source metal interconnect layers are used 
to form the parallel plate storage capaaitor. However, 
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the pixel aperture ratio is not substantially affected 
in reflective or transmissive-ref lectlve displays where 
the additional elements 20 and 2 1 may be disposed underneath 
a reflective electrode* 

, The increased pixel charging time for the high 
capacitance mode of operation requires careful con- 
sideration, especially when the TFTs 10 and 20 are of the 
amorphous silicon type. The mobility o£ such devices is 
very low, for example 1cm 2 / Vs, which limits the rate of 
charge flow from the data line 4 to the storage capacitors 
12 and 21. It may therefore be necessary or desirable 
to slow down the active matrix addressing in order for 
the pixels to be fully charged. Alternatively, it may 
be possible to write the same image date to the active 
matrix in consecutive frames so as to ensure satisfactory 
cell charging. Such techniques may be accommodated by 
timing modifications in the data line driver 3 and the 
scan line driver 7. In displays fabricated with high 
performance poly-silicon TFTs 10 and 20, which may have 
a mobility in excess of 50cm 2 /Vs, the high capacitance 
mode is unlikely to require an extended pixel charging 
period. 
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Reduced accuracy in point -at -a- time display 
addressing In the high capacitance mode may be compensated 
within the data line driver or within a liquid crystal 
driver controller (not shown) to which the display is 
connected. Such compensation is standard practise since 
it is generally necessary to compensate for the non- linear 
voltage/transmission response of liquid crystal pixels; 
this is generally called "gamma correction"- Never- 
theless, accommodation of two compensation schemes within 
driver circuitry for the high and low capacitance modes 
represents a significant overhead. It is likely that the 
display will be operated in the high capacitance mode with 
reduced frame rates, mainly to reduce power consumption. 
When this Is the case, achieving high grey- scale accuracy 
is less important- For example, the display may be 
operated in a low frame rate 1 bit colour mode. Any 
Inaccuracies caused by charge sharing in such a 1 bit colour 
mode are unlikely to present substantial Image quality 
problems . 

The embodiment illustrated in Figure 9 differs from 
that illustrated in Figure 6 in that the positions of the 
TFT20 and the capacitor 21 have been interchanged . However , 
operation is not affected by this. 
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The device illustrated in Figure 10 differs from 
that illustrated in Figure 6 in that a capaoitor-on-gate 
technique of the type illustrated in Figure 5 is used to 
reduce by one the number of horizontal signals traversing 
each row of the active matrix „ Thus, the lower plates 
of the capacitors 12 and 21 are connected to the scan line 
6 of the adjacent row of pixels so that the common line 
13 is not needed* The scan lines are used to supply a 
DC voltage to the lower terminals of the capacitors 12 
and 21 and are at zero volts for most of the time. However, 
the scan lines 6 are switched in turn to a high DC voltage 
in order to activate the TFTs 10 of the row of pixels. 
In order to avoid corrupting the voltages stored on the 
capacitors 12 and 21, such a switching operation should 
occur before the capacitors are charged. Thus , the active 
matrix illustrated in Figure 10 should be scanned from 
the bottom row upwards. 

The device illustrated in Figure 11 differs from 
that Illustrated in Figure 6 in that the common electrode 
line 13 and the capacitor select line 22 are replaced by 
a single line 24 connected to the further plates of the 
capacitors 12 and 21 and to the gate of the TFT 20. This 
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Is allowable because the capacitor select signal Is 
essentially a DC signal once the mode of operation has 
been selected. In the low capacitance mode, the line 24 
is connected to ground so that the TFT 20 is switched off 
and the effective storage capacitance is that provided 
by the capacitor 12- In the high capacitance mode, the 
line 24 is connected to the positive supply voltage Vdd 
so that the TFT 20 is switched on to connect the capacitor 
21 across the capacitor 12. This technique may also be 
applied to the embodiments described hereinafter. 

Figure 12 illustrates a device which differs from 
that illustrated in Figure 11 in that each capacitor select 
and common electrode line 24 is shared by an adjacent pair 
of rows of pixels. Thus, there are, on average, only 1.5 
horizontal signals running through each row of pixels. 
This technique may also be applied to the embodiments 
described hereinafter. 

The device illustrated in Figure 13 is similar to 
that illustrated in Figure 6 in that each row of pixels 
has a common line 13 and a capacitor select line 22 . However , 
the capacitors 12 and 21 share a common plate which forms 
part of a gate metal Interconnect layer of the integrated 
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structure ±n whioh the TPTs 10 and 20 are formed. The 
other plate of the capacitor 12 comprises part of the source 
metal Interconnect layer whereas the other plate of the 
capacitor 21 forms part of a heavily doped amorphous or 
poly-sllicon layer, for example of N-type material. In 
a typical TFT structure, the dielectric of the capacitor 
21 is gate oxide so that the capacitance per unit area 
of the substrate for the capacitor 21 is substantially 
greater than that of the capacitor 12 . This allows a much 
larger value of the capacitance Cs2 of the capacitor 21 
to be achieved. 

Figure 14 shows the mask layout of a device of the 
type shown in Figure 13 embodied as a reflective liquid 
crystal display with a poly-siliaon . dual-gate TFT 
structure. The data line 4 is implemented on the source 
metal interconnect layer (SL) and runs vertically at the 
right hand side of the pixel with a connection through 
a via 30 with a source of the TFT 10 , whioh is of dual 
gate construction. The TFT 10 is crossed twice by the 
scan line 6, which is formed in the gate metal interconnect 
layer GL so that two series-connected TFT channels are 
formed at right angles to one another. This arrangement 
makes the device more robust to mask alignment errors. 
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At the drain of the TFT 10, a via 31 connects the 
terminal to a large SL electrode, which forme one plate 
of the capacitor , 12 whose other plate is formed by part 
of the GL electrode line. The SL electrode is also in 
contact with a reflective electrode (RE) 32. The drain 
of the TFT 10 is also connected to a poly-silicon track 
which forms the transistor 20 where it is crossed by the 
capacitor select line 22. The poly- silicon track is then 
connected to a heavily doped poly-silicon electrode which 
forms the capacitor 21 in conjunction with the GL common 
electrode line 13. 

Heavy doping of an amorphous or poly- silicon layer 
underneath a gate layer cannot normally be achieved using 
the conventional TFT process flow and is likely to require 
a further mask to define the heavy doping region. 

The device illustrated in Figure 15 is of a type 
similar to that illustrated in Figure 13 but using the 
single capacitor select and common electrode line 24 as 
shown in Figure 11 and with the capacitors 12 and 21 embodied 
as a MOS capacitor. When the line 24 is connected to a 
low voltage, such as ground, the TFT 20 Is switched off 
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and the capacitor 12 is formed by a parallel plate capacitor 
between the layers SL and GL. When the select signal on 
the line 24 is high, for example at Vdd, the TFT 20 is 
switched on and the MOS capacitor of value Cs2 is in parallel 
with the capacitor 12. The MOS capacitor 35 is formed 
by an amorphous or poly- silicon layer underneath a gate 
electrode. The gate electrode is formed by the capacitor 
select signal line routed on the layer GL and so is at 
a high potential which is above the threshold voltage Vt 
of the MOS structure 35. The total capacitance is then 
equal to the sum of the oxide capacitance and the overlap 
capacitances as described hereinbefore with reference to 
Figure 4 . 

« 

Figure 16 illustrates a mask layout for the device 
of Figure 15 embodied as a reflective poly- silicon 
dual-gate TFT structure. There are only two horizontal 
signals routed through the pixel. The poly- silicon layer 
of the MOS capacitor extends beyond the gate metal layer 
of the capacitor . In a normal self - aligned TFT fabrication 
flow, this region is heavily doped. As indicated at 33, 
this region continues around three edges of the MOS 
capacitor in order to form the necessary source -drain 
connection . 
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The capacitance of a MOS structure changes 
depending on the voltage applied to the common electrode. 
Figure 17 illustrates the terminal voltages of the MOS 
capacitor 35 for two conditions. In the upper diagram of 
Figure. 17, the common electrode is at 15 volts, which is 
a typical supply voltage for an active matrix devioe . The 
pixel electrode 11 can have any value between 1.5 volts 
and 10.5 volts in a typical device. In order for the 
capacitor to be in its high capacitance regime, the MOS 
threshold voltage must be less than 4.5 volts, which is 
generally the case for amorphous and poly- silicon pixel 
TFTs . 

In the configuration illustrated at the lower 
diagram of Figure 17 , the common electrode is at zero volts . 
In order for the capacitor to be in its low capacitance 
regime, the MOS threshold voltage must be greater than 
-1.5 volte, which is generally the case for amorphous and 
poly- silicon pixel TFTs. Thus, by switching the common 
electrode voltage itself, it is possible to change between 
the two MOS capacitor regimes to select the two different 
storage capacitances. 
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The device shown in Figure 18 makes use of this 
capability and differs from that shown in Figure 15 in 
that the TFT 20 is omitted because the capaaitanae switching 
is performed by the MOS structure 35. The mask layout 
for one pixel of this device is illustrated in Figure 19. 

The device illustrated In Figure 20 differs from 
that illustrated in Figure 18 in that the parallel plate 
capacitor formed by the interconnect layers is omitted. 
There is therefore no need for an electrode formed on the 
Interconnect layer SL and this results in a very simple 
pixel circuit. The permanently connected storage ca- 
pacitor is provided by the overlap capacitances whereas 
the self -switching capacitor is generated by the oxide 
capacitance and is only switched into circuit when the 
line 24 is switched to a high voltage, such as Vdd. The 
value Csl of the permanently connected storage capacitor 
can be chosen using known TFT channel engineering 
techniques , such as incorporating a lightly doped drain 
(LDD) under the gate electrode. 



